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Abstract—In recent years, electricity demand in South Africa
rises to approximate maximum supply capacity during peak
hours. A new tariff plan is proposed by Eskom to bill consumers
according to off-peak and peak times in an attempt to curb peak-
time loads. In this paper, the design of a smart distribution box
controller is proposed in order to assist consumers to control
or regulate energy consumption during off-peak and peak times.
The designed smart system assigns various loads to different
priorities and removes non-priority loads during peak times.
It also monitors the voltage, frequency, current and sunlight.
Results show 25 % reduction of energy consumption and cost
savings up to 40 % are possible with the use of smart distribution
box.
keywords: Smart distribution box, energy consumption,
priority load, C++ algorithm code.
I. INTRODUCTION
Real-time metering is an advanced type of metering which
can help the performance of the grid. This type of metering can
measure the customers energy consumption based on when the
energy is used. This allows the power utility (Eskom) to charge
customers based on what they use at the time rather than on
an average cost for energy over the entire billing period [1].
Due to the growing need of smart grid it is inevitable that real
time metering will be implemented in the near future. This
paper discusses the development of a smart distribution box
(DB) controller for customer based operations. The controller
will assist electricity users with load management to minimize
their electricity costs and thereby reducing the strain on the
grid when required.
A. Background
Decades ago, power grids were designed with the aim of
delivering electricity from large power stations to households,
large businesses and industrial entities. However the last
few years have introduced quite a number of technologies
and concepts that dictate fundamental changes in the way
electricity is produced, managed and consumed [2]. These
technologies include distributed generation and plug-in
hybrid electric vehicles (PHEVs) which help to reduce CO2
emissions and offer more sustainable options to consumers
of energy, while applications such as advanced metering
infrastructure (AMI) and home energy management system
(HEMS) will enable consumers to manage their energy usage
more efficiently [3, 4]. AMI technology was seen as an
important component of the smart grid as it was said to
provide utilities with a great deal of new information that
could help to optimize business operations. AMI was to be
used by utilities as a way to collect monthly consumption
data used for billing and provide load profile, demand,
time-of-use, voltage profile, and power quality data. The use
of AMI technology for these operations will eliminate the
need for many labor-intensive business processes, such as
manual meter reading, field trips for service connects and
disconnects, on-demand reads, power outage and restoration
management, and other metering support functions [5].
Moreover, AMI systems with two-way communication will
enable utilities send pricing signals to alert customers of
critical periods of peak pricing. This direct communication
to customers will encourage conservation of energy during
peak periods and will let utilities implement direct control of
demand-side management. Through near real-time price sig-
nals, AMI will also enable consumers to manage their energy
usage more efficiently. Energy prices could be relayed directly
to appliances or through a home energy management gateway.
The appliances, in turn, would process the information based
on consumers learned wishes and adjust power consumption
accordingly. Whereas home energy management systems will
allow households to effectively centralize the management
of services, provide customers with complete functions for
internal information exchange, and at the same time assist with
keeping the household members in continuous contact with
the outside world. Home energy management system will help
households optimize their lifestyles, rearranging the day to day
energy consumption schedule so as to secure high quality of
life while reducing energy bills. Home energy management
system is composed of three elements:
1) An energy management gateway that ensures a secure
connection between the homes and other electrical de-
vices: This gateway will serve mainly as an interface
between the utilitys advanced metering infrastructure
(AMI) and the home electricity infrastructure (appli-
ances, generation, storage, and so on) and will ensure
a secure communication between the utilitys AMI and
the HEMS.
2) An energy management unit (EMU) that collects infor-
mation about the status of appliances and other electrical
devices: This unit controls energy consumption, genera-
tion, and storage in the home and communicates with the
EMG to deliver control commands or information from
the utility to the home appliances. This energy control
function includes the calculation of energy consumption,
cost, billing, status, and so on as well as the issuing of
control commands to appliances.
3) A group of sensors and microcontrollers that feed the
energy management unit: These devices supply the EMU
with information about the status of the homes appli-
ances, their mode of operation, and their operational
environment.
II. METHODOLOGY
The section details the smart DB controller algorithm where
a detailed explanation of how the algorithm is going to operate,
as well as the design circuit of the algorithm.
A. Smart DB controller Algorithm
The smart DB algorithm is created using the UML diagram
which indicates how the algorithm is going to operate. The
algorithm starts by measuring the voltage, frequency and load
current. These inputs are needed to know which load to switch
on/off. The system will now get the time and amount of
sunlight at that specific moment, and will then set light/dark
priority as well as the peak/off-peak priority. The load to be
removed according to the priorities set by the controller is
noted. The system will then compare voltage, frequency and
load current against their classes. It will compare if the voltage,
frequency or load current is less than class 3 and will note load
to remove according to the class. It will do the same for class
2 and then for class 1 as well. Depending on the loads noted as
the algorithm was checking the controller will then remove the
noted loads. The UML diagram for the Smart DB algorithm
is shown in figure 1.
B. The C++ Algorithm code
The algorithm discussed in the section above uses the C++
code included at the end of the paper. The UML diagram
above describes exactly how the C++ code operates. The smart
DB controller will be using the circuit (using Arduino Uno)
below for implementation. The circuit has four analog inputs
controlling the nine digital outputs. Analog input sunlight
(Analog 0) uses an light dependent resistor (LDR) to detect
the amount of sunlight. The photoresistor will have a high
resistance when it is dark and a very low resistance when
there is light.
C. Circuit Design
The voltage from the main power source is reduced using
the voltage divider coupled with a buffer. The voltage is
reduced from 240 V signal to a measureable 5 V signal. The
voltage magnitude and frequency are then computed internally
within the Arduino from the wave signal measured. Frequency
is measured by checking the peak value of the sinusoidal signal
and then gets the time difference between peak points. The
frequency is given as shown in Equation (1).
f =
1
T
=
1
(t1 − t2) (1)
Where:
f : frequency in Hertz
T : period or time between two peaks
The circuit diagram such as designed is indicated in figure
2.
The resolution of the measured voltage is 4.8 mV as calcu-
lated from equation (2). The input resolution then translates
to 0.23 V at power source level. This resolution is sufficient
enough to register or measure the different voltage class levels.
The load current is monitored using the Rogowski coil, which
consists of a current transducer used for measuring an electric
current [6].
Resolution =
Vmax
2n
(2)
Where:
Vmax : full scale voltage
n : number of bits (10 bits for the ADC used)
The coil produces a voltage that is proportional to the con-
ductors rate of change over time and the integrator circuit
produces an output voltage changing at a rate proportional to
the input magnitude. The digital outputs (digital out0 digital
out8) and priorities (day and night time) shown in Table 1 are
controlled using the analogue inputs.
TABLE I
APPLIANCE GROUPS WITH PRIORITIES ACCORDING TO EXTERNAL LIGHT
Group Daylight Night-Time Digital Output
Security 10 10 0
Lighting 2 9 1
Water Heating 5 5 2
Cleaning 5 2 3
Work 7 4 4
Cooking 6 6 5
Food preserving 10 10 6
Air Conditioning 3 5 7
Entertainment 4 4 8
The class values for the voltage, load current and frequency
have to fall within the system protection values. Table 2 below
shows the class values and action taken against each class. The
frequency class values shown in the table are within the values
of the Under Frequency Load Shedding which are 48.5 Hz to
51.5 Hz [7]. The voltage is within the 5 % grid code used
according to Eskom. This is done to prevent loss of steady state
stability under conditions of large local shortages of reactive
power (voltage collapse). This is indicated in Table 2.
Fig. 1. UML diagram for the Smart DB algorithm
Fig. 2. Circuit design of the smart DB
TABLE II
CLASS VALUES FOR VOLTAGE, FREQUENCY AND CURRENT
Class Frequency Voltage Current Action (Remove)
1 < 49.6 < 216 > 55 priority 2 or less
2 < 49.3 < 210 > 57 priority 4 or less
3 < 49.1 < 207 > 60 priority 6 or less
Hz V A
III. RESULTS AND DISCUSSION
The results obtained are based on a typical home load
profile for a weekday and a weekend. For both the cases, the
profile was run with and without the smart DB controller. The
obtained results are indicated in Table 3. It could be observed
that without the smart DB algorithm, the customer consumes
more power and as a result pays a little more as compared
to when the smart DB algorithm is used. When using the
smart DB algorithm for the same day profile, the total kWh
is reduced by about 25 % and energy cost by 40 %.
TABLE III
WEEKDAY COMPARISON OF THE TOTAL ENERGY AND COST PER DAY
Weekday Total kWh/day Total cost/day
Without smart DB 72.4517 64.7787
With smart DB 54.5683 40.0336
Consumers will be saving about R500.00 a month. This
is because the algorithm disconnects loads depending on
dark/light and peak/off-peak priority. The graph in figure
3 shows the weekday total kilo-watt hour comparison
with and without the smart DB controller measured for
every 10 minutes. At point a, the graph rises (with the
smart DB) simply because during this time the off-peak
charge per kWh is less and hence the controller allows
loads of this priority to be connected at this time. It can
be seen from the graph that throughout the day the smart
DB algorithm graph (blue line) disconnects non priority loads.
The week-end consumption profile such as indicated in
Table 4 is a bit higher than the weekday profile. The smart DB
algorithm still allows consumers to save costs over the week-
end by disconnecting non-priority loads but continues to allow
customer to enjoy their normal week-end entertaining (like
watching TV). The smart DB controller saves the electricity
costs of the user by R840.00 which represents 47 % decrease
a day.
Fig. 3. Weekday kWh with and without smart DB
TABLE IV
WEEK-END COMPARISON OF THE TOTAL ENERGY AND COST PER DAY
Week-end Total kWh/day Total cost/day
Without smart DB 94.7287 88.0946
With smart DB 64.8787 45.737
The graph shown in figure 4 indicates the week-end total
kilo-watt hour comparison with and without the smart DB
controller measured for every 10 minutes. At point a, the
algorithm does not switch off lights if they are already on
and it is dark outside hence the rise in consumption during
that time. The consumption drop at point b and c is due to
the peak priority. Non priority load is disconnected during
this time. The solution presented in this paper only uses the
simulation as an output. For more accurate and practical data
a prototype can be developed by implementing the code into
Arduino with a combination of high current relays.
Fig. 4. Week-end kWh with and without smart DB
IV. CONCLUSION
With the new charging method Homeflex being one of the
solutions to discourage electricity usage during peak hours, by
adjusting the tariffs according to time of day (peak and off-
peak times). The smart DB provided assistance to the customer
by automatically removing non priority loads to reduce the
users electricity costs while protecting the appliances and
reducing the strain of grid when required. With this smart DB
controller the customer can save up to 47 % on the electricity
costs.
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